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What is claimed is: 



1. A gas\ generating composition comprising: 

a\ complex of a metal cation, at least one neutral 
ligand\ containing hydrogen and nitrogen, and 
sufficient oxidizing anion to balance the charge of 
the metal cation such that when the complex combusts, 
a mixture\of gases containing nitrogen gas and water 
vapor is prbduced; and 

at leassj: one cool burning organic nitrogen- 
containing confoound . 

2 . A gas generatii*^ cohiposition as defined in claim 
1, wherein the compYex is \selected fr£>m the group 
consisting of metal ni/:r\te ammd/t|es, metal ^nitrate ammines, 
metal perchlorate amn 
nitrate hydrazines , 



mixtures thereof 



metal\ perchlorate hydrazines, and 



3 . A gas generating /composition as defined in claim 
1, wherein the complexSsi^^a metal\nitrite ammine . 

4 . A gas generating composition as defined in claim 
1, wherein the complex is a metal nitnate ammine. 

5. A gas generating composition asv defined in claim 
1, wherein the complex is a metal perchlorate ammine. 

6 . A gas generating composition as defmed in claim 
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A method of inflating an air bag comprising 
comifust ing a gas generating composition containing a com- 
plex of a transition metal cation or alkaline earth, metal 
cation, at least one neutral ligand containing hydrogen and 
nitrogen, and sufficient oxidizing anion to balance the 
charge of the metal cation, such that when the gas 
generating composition combusts, a mixture of gases 
containing nitrogen gas and water vapor is produced, 
wherein the composition further contains at least one cool 
burning organic nitrogen-containing compound. 

A method of inflating an air bag as defined in 
claim ^Aff, wherein the combustion of the metal complex is 
initiated by heat. 

^ A method of inflating an air bag as defined in 

claim wherein the complex is selected from the group 

consisting of metal nitrite ammines, metal nitrate ammines, 
metal perchlorate ammines, metal nitrite hydrazines, metal 
nitrate hydrazines, metal perchlorate hydrazines, and 
mixtures thereof . 

A niethod of inflating an air bag as defined in 
claim 4^?, wherein the complex is a metal nitrite ammine . 

^ Ajf. A method of inflating an air bag as defined in 
claim wherein the complex is a metal nitrate ammine. 



A method of inflating an air bag as defined in 
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laiitJ wherein the complex is a metal perchlorat( 



c 

ammine 



. A method of inflating an air bag as defined in 
claim ^& , wherein the complex is a metal nitrite hydrazine. 

. | A method of inflating an air bag as defined in 
claim ^6, wherein the complex is a metal nitrate hydrazine. 

^\ . | A method of inflating an air bag as defined in 
claim " wherein the complex is a metal perchlorate 

hydrazine . 

A method of inflating an air bag as defined in 

J 

claim Ap, wherein the transition metal cation is cobalt. 

1 ^f. I A method of inflating an air bag as defined in 
claim ^6, wherein the transition metal cation or alkaline 
earth metal cation is selected from the group consisting of 
magnesium, manganese, nickel, titanium, copper, chromium, 
and zinc. 

I A , 

^n. . A method of inflating an air bag as defined in 



j 

:laim , 



claim %J5, wherein the transition metal cation is selected 
from the group consisting of rhodium, iridium, ruthenium, 
palladium, and platinum. 



^ I A method of inflating an air bag as defined in 
claim ^f, wherein the oxidizing anion is coordinated with 
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the metal cation. 



j method of inflating an air bag as defined in 
claim ^ , wherein the oxidizing anion is selected from the 
group consisting of nitrate, nitrite, chlorate, 
perchlorate, peroxide, superoxide, and mixtures thereof. 

• ^4 . A method of inflating an air bag as defined in 
claim , wherein the inorganic oxidizing anion and the 
inorganic neutral ligand are free of carbon. 

3 

' . ^ A method of inflating an air bag as defined in 

claim ^<f, wherein the complex includes at least one other 
common ligand, in addition to the neutral ligand. 

A 

i 5^- 1 A method of inflating an air bag as defined in 
claim ^o, wherein the common ligand is selected from the 
group consisting of aquo (H 2 0) , hydroxo (OH) , perhydroxo 
(0 2 H) , peroxo (0 2 ) , carbonato (C0 3 ) , carbonyl (CO) , oxalato 
(C 2 0 4 ) , nitrosyl (NO) , cyano (CN) , isocyanato (NC) , isothio- 
cyanato (NCS) , thiocyanato (SCN) , amido (NH 2 ) , imdo (NH) , 
sulfato (S0 4 ) , chloro (CI) , fluoro (F) , phosphato (P0 4 ) , and 
ethylenediaminetetraacetic acid (EDTA) ligands. 



0 
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^ A method of inflating an air bag as defined in 
claim ^6, wherein the complex includes a common counter ion 
in addition to the oxidizing anion. 

11 

5/f. t<?A method of inflating an air bag as defined in 



claim ^f, wherein the common counter ion is selected from 
the group consisting of hydroxide (OH") , chloride (CI") , 
fluoride (F") , cyanide (CN") , thiocyanate (SCN") , carbonate 
(CCV 2 ) , sulfate (S0 4 " 2 ) , phosphate (P0 4 -3 ) , oxalate (C 2 0 4 -2 ) , 
borate (B0 4 " s ) , and ammonium (NH 4 + ) counter ions. 

7 



| A method of inflating an air bag as defined in 
claim \ wherein the complex and oxidizing anion combined 
have a concentration in the gas generating composition from 
50% to 80% by weight, wherein the gas generating 
composition further comprises a binder and a co-oxidizer 
such that the binder has a concentration in the gas 
generating composition from 0.5% to 10% by weight and the 
co-oxidizer has a concentration in the gas generating 
composition from 5% to 50% by weight. 

$ i 6^T. A method of inflating an air bag as defined in 



combusted further comprising a co-oxidizer. 



claim AQf, wherein the gas generating composition which is 



fas. 



n 



-^|A method of inflating an air bag as defined i 
claim wherein the co-oxidizer is selected from alkali, 

alkaline earth, or ammonium perchlorates , chlorates, 
peroxides, and nitrates. 
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(s* A method of inflating an air bag as defined in 

claim Spf, wherein the co-oxidizer is selected from metal 
oxides, metal hydroxides, metal peroxides, metal oxide 
hydrates, metal oxide hydroxides, metal hydrous oxides, 
basic metal carbonates, basic metal nitrates, and mixtures 
thereof . 



£^.rjjA method of inflating an air bag as defined in 
claim ^ef, wherein the co-oxidizer is selected from oxides 
of copper, cobalt, manganese, tungsten, bismuth, 
molybdenum," and iron. 



Q6 



* t A method of inflating an air bag as defined in 
claim wherein the co-oxidizer is a metal oxide selected 

from CuO, Co 2 0 3 , Co 3 0 4 , CoFe 2 0 4 , Fe 2 0 3 , Mo0 3 , Bi 2 MoO e , and Bi 2 0 3 . 

A method of inflating an air bag as defined in 
claim wherein the co-oxidizer is a metal hydroxide 

selected from Fe(OH) 3 , Co(OH) 3 , Co(OH) 2 , Ni(OH) 2 , Cu(OH) 2 , 
and Zn(OH) 2 . 

A method of inflating an air bag as defined in 
claim wherein the co-oxidizer is a metal oxide hydrate 

or metal hydrous oxide selected from Fe 2 0 3 -xH 2 0 / Sn0 2 -xH 2 0, 
and Mo0 3 - H 2 0 . 

a method of inflating an air bag as defined in 
claim , wherein the co-oxidizer is a metal oxide 

hydroxide selected from CoO (OH) 2 , FeO (OH) 2 , MnO (OH) 2 , and MnO (OH) 3 . 
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§0. . A method of inflating an air bag as defined in 
claim ^f, wherein the co-oxidizer is a basic metal 
carbonate selected from CuC0 3 - Cu (OH) 2 (malachite), 
2Co(C0 3 ) • 3Co(OH) 2 -H 2 0, Co 0 . 69 Fe 0 . 34 (CO 3 ) 0 . 2 (OH) 2 , 
Na 3 [Co (C0 3 ) 3 ] • 3H 2 0, Zn 2 (C0 3 ) (OH) 2 , Bi 2 Mg (C0 3 ) 2 (OH) 4 , 

Fe(CO 3 ) 0 . 12 (OH) 2 . 76 , .Cu 1 . !4 Zn,. 4t (COj) (OH) 2 , 
Co 0 . 49 Cu 0 S1 (C0 3 ) 0 . 43 (OH) Ti 3 Bi 4 (C0 3 ) 2 (OH) 2 O g (H 2 0) 2 , and 

(BiO) 2 C0 3 . 

^PQ^ Q method of inflating an air bag as defined m 
claim Sff, wherein the co-oxidizer is a basic metal nitrate 
selected from Cu 2 (OH) 3 N0 3 , Co 2 (OH) 3 N0 3 , CuCo (OH) 3 N0 3/ 
Zn 2 (OH) 3 N0 3 , Mn (OH) 2 N0 3 , Fe 4 (OH) 11 N0 3 - 2H 2 0, Mo (N0 3 ) 2 0 2 , 

BiON0 3 -H 2 0, and Ce (OH) (N0 3 ) 3 -3H 2 0. 

% 

" 7#\ A method of inflating an air bag as defxned 1 



n 



claim 40, wherein the gas generating composition which is 
combusted further comprising a binder. 



9. 

claim "yo , wherein the binder is water soluble. 



. A method of inflating an air bag as defined in 



2>% 

l^ftf\& method of inflating an air bag as defined in 
claim IK', wherein the binder is selected from naturally 
occurring gums, polyacrylic acids, and polyacrylamides . 

si- 

^S^j A method of inflating an air bag as defined in 
claim yd \ wherein the binder is not water soluble. 
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^4^^ A method of inflating an air bag as defined in 
claim wherein the binder is selected from nitrocellu- 

lose, VAAR, and nylon. 

lA \ A method of inflating an air bag as defined in 
| / 

claim wherein the complex is hexaamminecobalt (III) 

nitrate, ( [(NH 3 ) 6 Co] (N0 3 ) 3 ) and the co-oxidizer is copper(II) 
trihydroxy nitrate (Cu 2 (OH) 3 N0 3 ) . 

| A ? method of inflating an air bag as defined in 
claim AJ^, further comprising carbon powder present from 
0.1% to 6% by weight of the gas generating composition, 
wherein the composition exhibits improved crush strength 
compared to the composition without carbon powder. 

. A method of inflating an air bag as defined in 



:laim ^0, 



claim 4*0 , further comprising carbon powder present from 
0.3% to 3% by weight of the gas generating composition. 
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1, wherein\the complex is a metal nitrite hydrazine. 

7 . A was generating composition as defined in claim 
1, wherein the complex is a metal nitrate hydrazine. 

8 . A ga^ generating composition as defined in claim 
1, wherein the Complex is a metal perchlorate hydrazine. 

9. A gas generating composition as defined in claim 
1, wherein the met^fT^sation is a transition metal, alkaline 
earth metal", met/allo\d, or jlanthanide petal cation. 



10 . A ga 
9, wherein th£ metal c 
consisting of 



Lti/on 



copper, chromium, zinc, a 



generating £c^mposit}/bn as defined in claim 

lected from the group 
manganese, nickel, titanium, 
tin. 



magnesium \ 



eneratirig coi 



11 . A gas 
1, wherein the mekal cat 



position as defined in claim 
ion is\a transition metal cation. 



12 . A gas generating composition as defined in claim 
11, wherein the transition metal cation is cobalt. 



13 . A gas generating composition as defined in claim 
11, wherein the transition metal cation is selected from 
the group consisting of rhodium, iridium, ruthenium, 
palladium, and platinum. 



14 . A gas generating composition as 



:ined in claim 
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1, wherein the oxidizing anion is coordinated with the 
metal cation. 

15. A ms generating composition as defined in claim 
1, wherein tl>e oxidizing anion is selected from the group 
consisting of\ nitrate, nitrite, chlorate, perchlorate, 
peroxide, and superoxide . 



16. A gas generating composition as defined in claim 
1, wherein the inorgapdTc^b^dizing anion and the inorganic 

3 \ f >v 

neutral lig'and are ^ree of carbon. 

17. A gas gjener^ting cojpos it idn as defined in claim 

least 



1 , wherein the c 



ligand, in addition to fehe neu 



implead includes at 




one other common 



igand . 



18. A gas generating, Composition as defined in claim 
17, wherein the common ligand is selected from the group 
consisting of aquc\ (H 2 0) , /riydroxo (OH) , perhydroxo (0 2 H) , 
peroxo (0 2 ) , carbonat® — (-€?t> 3 ) , \^arbonyl (CO) , oxalato (C 2 0 4 ) , 
nitrosyl (NO) , cyano (CN) , isoVryanato (NC) , isothiocyanato 
(NCS) , thiocyanato (SCN) , amidd> (NH 2 ) , imdo (NH) , sulfato 
(S0 4 ) , chloro (CI) , fluoro (^) , phosphato (P0 4 ) , and 
ethylenediaminetetraacetic acid (EDTA) ligands. 



19. A gas generating composition as defined in claim 
1, wherein the complex includes a common counter ion in 
addition to the oxidizing anion. 
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20. A gas generating composition as defined in claim 
19, whe\rein the common counter ion is selected from the 
group consisting of hydroxide (OH") , chloride (CI") , 
fluoride \f~) , cyanide (CN~) , thiocyanate (SCN~) , carbonate 
(CCV 2 ) , suiyfate (S0 4 -2 ) , phosphate (P0 4 ' 3 ) , oxalate (C 2 0 4 2 ) , 
borate (B0 4 _£ \, and ammonium (NH 4 + ) counter ions. 



21. A gaa generating composition as defined in claim 
1, wherein the \complex has a concentration in the gas 
generating composition 
the gas generating^ 
and a co-oxidizer 



sp 



:rdtQ 3 0% to 90% by weight, wherein 
s>i^ further comprises a binder 
:h that /fthe binder has a concentration 



fompositic 



in the gas generating co 
weight, and wherein the s 
and cool burning corlound i 




burning conbound i:i 
10% to 60% by we i glit 



from 0.5% to 12% by 
amount of co-oxidizer 
i the gas generating composition 




is from 



22. A gas generating composition as defined in claim 
1, further comprising a co-oxi^izer other than said cool 
burning compound . 



23. A gas generating composition as defined in claim 
22, wherein the co-oxidizer is selected from alkali, 
alkaline earth, lanthanide, or ammonium perchlorates , chlo- 
rates, peroxides, nitrites, and nitrates 
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24. \ A gas generating composition as defined in claim 
22, wherein the co-oxidizer is selected from metal oxides, 
metal hydioxides, metal peroxides, metal oxide hydrates, 
metal oxidL hydroxides, metal hydrous oxides, basic metal 
carbonates A basic metal nitrates, and mixtures thereof. 



25. A g^s generating composition as defined in claim 
22, wherein the co-oxidizer is selected from oxides of 
copper, cobalt ,\ manganese, tungsten, bismuth, molybdenum, 
and iron. 



26. A gas gen^rati 
22, wherein the co-o^i 
CuO , Co 2 0 3 , Co 3 0 4 , CoFd 

27. A gas general: 
22, wherein the co-oxi 
from Fe(OH) 3 , Co(OH) 3 , C 




s defined in claim 
oxide selected from 
i 2 MoO s , and Bi 2 0 3 . 



lg composition as defined in claim 
is a metal hydroxide selected 
!# Ni(OH) 2 , Cu(OH) 2 , and Zn(OH) 2 . 



28. A gas generating composition as defined in claim 
22, wherein the co-oxidizer ik a metal oxide hydrate or 
metal hydrous oxide selected f ror^ Fe 2 0 3 - xH 2 0, Sn0 2 -xH 2 0, and 
Mo0 3 - H 2 0. 



29. A gas generating composition as defined in claim 
22, wherein the co-oxidizer is a met^l oxide hydroxide 
selected from CoO(OH) 2 , FeO(OH) 2 , MnO(OH)\ and MnO(OH) 3 . 
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30. \ A gas generating composition as defined in claim 
22 , wherein the co-oxidizer is a basic metal carbonate 
selected from C u C 0 3 • Cu (OH) 2 (malachite) , 

2Co(C0 3 )\3Co(OH) 2 -H 2 0, Co 0>69 Fe 0 . 34 (C0 3 ) 0 . 2 (OH) 2 , 

Na 3 [Co (C0 3 )U • 3H 2 0, Zn 2 ( C0 3 ) (OH) 2/ Bi 2 Mg (C0 3 ) 2 (OH) 4/ 

Fe (CO 3 ) 0 \ 2 (OH) 2 76 , Cu 154 Zn 0 46 (CO 3 > (OH) 2/ 

Co 0 . 49 Cu 0 . 51 (CO^) 0.43 (OH) Ti 3 Bi 4 (C0 3 ) 2 (OH) 2 0 9 (H 2 0) 2/ and 

(BiO) 2 C0 3 . 



22, wherein the^ co-ox 
selected from \ Cu. 



Zn 2 (OH) 3 N0 3 , 




31. A gas Ygenerating composition as defined in claim 

\ j 

s a basis: metal nitrate 
fco 2 (OH) 3 N0 3 , 




Mn(GH)/ 2 N0 3/ 



BiON0 3 - H 2 0, and Ce (OH) (N0 3 ) 3 - 3 




CuCo (OH) 3 N0 3 , 



2H 2 0, 



Mo(N0 3 ) 2 0 2/ 



32 . A gas ge^ner^ting composition as defined in claim 
1, further comprising ^ binfler, 



33 . A gas ge\ 
32, wherein the bi] 



Leratiiacj (composition as defined in claim 
ider is \water soluble. 



34 . A gas generating composition as defined in claim 
33, wherein the binder is selected from naturally occurring 
gums, polyacrylic acids, and po\yacrylamides . 



35. A gas generating composition as defined in claim 
32, wherein the binder is not water soluble. 



36. A gas generating composition 




defined in claim 
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35, whereabi the binder is selected from nitrocellulose, 
VAAR, and iwlon. 



37. A ^as generating composition as defined in claim 
1, wherein tlje complex is hexaamminecobalt (III) nitrate, 
( [ (NH 3 ) 6 Co] (NO3V3) and the co-oxi^izer is copper (II) tri- 
hydroxy nit rat e\ (i?u 2 3 N0 3 ) 



38. A ga^ generatti^ig composition as defined in claim 
1, further comprisingf icaAonVpowder present from 0.1% to 6% 
by weight of tjhe gasRgenerating composition, wherein the 
composition exhibits/ iViproved crush strength compared to 
the composition withput \;arbon powder. 



39. A gas generating ^composition as defined in claim 
1, further comprising carbon powder present from 0.3% to 3% 
by weight of the gas generating composition. 
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78. A gas^enerat ing device comprising: 
a gas generating composition comprising: 

a complex of a transition metal cation or 



alkaline e 
containing hyd: 
complex combu 
nitrogen gas 

suf f icie 
of the metal 

at least O' 




cation and a neutral ligand 
rogen, such /that when the 
e of gases containing 
ed; 

ance the charge 
bur*ning organic nitrogen- 



containing "compound; and 

an ignitor for initiating the combustion of the 
composition. 
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79. \a gas generating device as defined in claim 78, 
wherein tha ignitor for initiating the combustion includes 
an igniter composition comprising a mixture of different 
igniter compositions. 



80. A ga^ generating device as defined in claim 78, 
wherein the ignitor for initiating the combustion includes 
an igniter composition comprising a mixture of 
Mg/Sr(N0 3 ) 2 /nylon knd B/KN0 3 . 



81 




An automi 

a collapsed^ infl 
a gas -generating 



system comprising : 




bag; 



nnected to the air bag 
bag, the gas -generating device 



for inflating 

containing a |gas -generating composition comprising: 
a compl' 




transition metal cation or 
alkaline eartft^ met^&l \ cation and a neutral ligand 
containing hydrogen and\ nitrogen, such that when the 
complex combusts, a mixture of gases containing 
nitrogen gas and water vapor is produced; 

\ 

sufficient oxidizing anion to balance the charge 
of the metal cation; and 

and at least one cool burning organic nitrogen- 
containing compound; and 

an ignitor to ignite the gas-generating 
composition. 
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82V A vehicle containing a supplemental restraint 
system Having an air bag system comprising: 
a collapsed, inflatable air bag; 
a gals -generating device connected to the air bag for 
inflating \the air bag, the gas-generating device containing 
a gas -generating composition comprising: 

a\ complex of a transition metal cation or 
alkalinfe earth metal cation and a neutral ligand 
containing hydrogen and nitrogen, such that when the 
complex fcombusts, a mixture of gases containing 



balance the charge 




of the metal Xc 
at lea 

containing /com] 
an 

compositi 




organic nitrogen- 



for igniting the gas -generating 



83. A gas\gener^tin^ composition as defined in claim 
1, wherein saidv cgc»l burning compound has a heat of 
formation of less than about\ - 4 0 0 cal/g. 



84 . A gas generating composition as defined in claim 
1, wherein said cool burning (compound has a heat of 
formation of less than about -600 qal/g. 

85. A gas generating composition^ as defined in claim 
1, wherein said cool burning compound i^p a guanidine salt 
or a guanidine derivative. 
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86. A gas generating composition as defined in claim 
1, wherein said cool burning compound is guanidine nitrate. 



ition as ined in claim 

satld cool burning compound is 
greater than about f Wt . % anMup to ab^ut 4 0 wt.%. 



87. A gas generating compos 
1, wherein the amo 



rati 



,g /composition comprising : 
metal cation and a neutral organic, 
hydrogen and nitrogen such that 
mixture of gases containing 



88 . A gas gen| 
a complex of 
aliphatic ligand con 
when the complex comb- 
nitrogen gas and water vapor is produced; and 



inn 



an amount of oxidizing anron which is sufficient to at 

\ 

least partially balance the charge of the metal cation. 
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